The Mediterranean basin is a biodiversity hotspot of wild edible species, and their therapeutic and culinary uses have long been documented. Owing to the growing demand for wild edible species, there are increasing concerns about the safety, standardization, quality, and availability of products derived from these species collected in the wild. An efficient cultivation method for the species having promising nutraceutical values is highly desirable. In this backdrop, a hydroponic system could be considered as a reproducible and efficient agronomic practice to maximize yield, and also to selectively stimulate the biosynthesis of targeted metabolites. The aim of this report is to review the phytochemical and toxic compounds of some potentially interesting Mediterranean wild edible species. Herein, after a deep analysis of the literature, information on the main bioactive compounds, and some possibly toxic molecules, from fifteen wild edible species have been compiled. The traditional recipes prepared with these species are also listed. In addition, preliminary data about the performance of some selected species are also reported. In particular, germination tests performed on six selected species revealed that there are differences among the species, but not with crop species. "Domestication" of wild species seems a promising approach for exploiting these "new functional foods".
Introduction
Since ancient times, wild plants have widely been used in traditional Mediterranean culture, and the link between wild plants and human life is a prominent feature. Wild plants are known to be used in ancient cultures for different purposes, such as food, medicines, production of goods (for example clothes), and magic and religious rituals. In particular, the use of wild edible plants in Europe has been mainly linked to periods of famine, therefore these herbs are called "famine food" [1] . Through the years, the use of these plants in traditional recipes of the Mediterranean diet has continuously increased, and in parallel, people have discovered their medicinal properties [2] . Today, the renewed interest in wild edible plants, and knowledge of the healthy role of phytochemical compounds, makes it possible to define them as "new functional foods". On the other hand, strong concern about safety, yield, and the phytochemical profiles of these species, makes it crucially important to establish a large-scale methodology of cultivation of the most promising species, in terms of both nutraceutical value and profitability. The hydroponic system represents a reproducible and efficient agronomic practice to maximize not only yield, but also to selectively stimulate the biosynthesis of targeted metabolites [3, 4] . Another important aspect worth further analysis is the high variability in the percentage and mean germination time of wild edible species [5, 6] .
Wild Edible Plants in the Mediterranean Basin
The Mediterranean basin is characterized by a massive abundance of wild edible species. Of the selected fifteen wild species appearing to be the most promising for cultivation, the most representative compounds are detailed in Table 1 . A plethora of bioactive compounds with medicinal and nutraceutical properties have been isolated from these species. Of them, silenan SV from Sinapis arvensis L. with immunomodulatory activity [7] , and alliin in Allium ampeloprasum L. with powerful antioxidant activity [1] , are well-known examples. Wild species are constitutively rich in secondary metabolites with antioxidant and healthy properties, and for these reasons could be represented as a new source of functional food. On the other hand, many of these properties were already known, even though not scientifically proven.
There is a difference between developing and industrialized countries in their habits of consumption of wild species. In developing nations, many edible wild plants are used as a source of food because the domesticated crop yield is not sufficient, whereas in most industrialized countries food supply is not a problem, thus wild plants are used to diversify a monotonous diet. Today, the concept of food in developed countries is profoundly modified. Indeed, consumers are no longer interested only in the supply of basic nutrients, they also demand the contribution of nutraceutical compounds. [62] [63] [64] [65] The Mediterranean diet is rich in traditional dishes with wild edible species cooked in different ways, such as soups, pies, mixtures, boiled vegetables, and ravioli. According to popular tradition, some culinary uses of the species are reported in Table 2 . Table 2 . Traditional recipes prepared with the fifteen Mediterranean wild edible species that have been selected in this review for their aptitude for cultivation.
Species. Edible Part Traditional Recipes References
Allium ampeloprasum leaves and bulbs mixture of salads, omelet, boiled vegetables, soup [66] Asparagus acutifolius young shoots boiled with oil and vinegar, omelet, risotto, soup [66] Borago officinalis tender rosette boiled with olive oil, salt, lemon and vinegar; stewed, omelet, soup, home-made pie [67] [68] [69] Cichorium intybus tender leaves fresh salads, in pan with olive oil and garlic, pies, ravioli, soup [66] Diplotaxis tenuifolia fresh leaves mixed salads, pies, pasta, omelet, cheeses, pizza [70] Foeniculum vulgare fruits, seeds, leaves salads, snacks, boiled, grilled, stewed vegetables, bread, soup [29, 66] Malva sylvestris fresh leaves ravioli, omelet, meatball, soup [66] Papaver rhoeas basal rosette leaves salads, ravioli, bread, soup [66] Portulaca oleracea leaves salads [71] Rumex acetosa young leaves, stems salads, fried, sautéed with butter and lard, pies, raw snacks [72] Sanguisorba minor young leaves salads, boiled vegetables, soup and pureed soup [66] Silene vulgaris old leaves salads, boiled, fried, sautéed with garlic, omelet [73] Sinapis arvensis leaves spice as mustard [67] Taraxacum officinale basal leaves salad, in pan with olive oil and garlic, ravioli, soup, pie [66] Urtica dioica leaves, young sprouts risotto, pie, ravioli, boiled, cooked in pan with olive oil and lemon, omelet, soup and pasta [66] 
Toxicity of Wild Edible Plants
A high accumulation of nitrites, oxalate, and some other specific toxic compounds, is frequent in some edible species when collected in the wild, so a moderate use is suggested. For example, nitrites bind to hamoglobin and reduce the transport of oxygen to tissues [43] . Furthermore, the capacity of nitrites to combine with amines produces nitrosamines, which are carcinogenic substances [43] . Oxalic acid can reduce the availability of calcium through the formation of an insoluble complex of calcium oxalate, known as raphide, which is the primary cause of the most common kind of kidney stones [74] . Thus, the development of species-specific cultivation protocols can be useful to limit the accumulation of possible toxic compounds in the species that are well appreciated by consumers.
B. officinalis, one of the most commonly eaten wild plants, should be consumed with precaution as it contains considerable amounts of hepatotoxic pyrrolizidine-based alkaloids, such as thesinine, lycopsamine, and intermedine, which are mildly mutagenic. Acute poisoning by pyrrolizidine alkaloids causes haemorrhagic necrosis, hepatomegaly, and ascites. The subacute toxicity is characterized by occlusion of the hepatic veins and subsequent necrosis, fibrosis, and liver cirrhosis [74] . Another wild species, F. vulgare, contains two toxic phenylpropanoids: estragole with hepatocarcinogenic activity; and trans-anethole, having genotoxic and hepatocarcinogenic properties [75] .
The concentration of oxalate, nitrates, and other toxic compounds found in the selected wild edible species is given in Table 3 . 
Exploiting the Possibilities of Cultivation of Some Wild Mediterranean Edible Species: Preliminary Results, Perspectives and Opportunities
The Food and Agriculture Organization defines wild edible plants as: "Plants that grow spontaneously in self-maintaining populations in natural or semi-natural ecosystems and can exist independently of direct human action" [80] . However, the gap between the increasing human population and food availability is constantly enlarging, which requires protecting some plant species from imprudent harvesting. In addition, considering food safety, the phytochemical properties of food are a hot topic, especially in Western countries [80] . Therefore, it seems important to find an efficient cultivation method for wild species (though this contrasts with the definition of "wild species") to allow a large-scale, high-yield production with a reproducible phytochemical profile, and in parallel, reduce the risks related to the presence of toxic compounds. Below we report some preliminary results from germination tests of some wild species (Table 4) ; and the biomass yield of R. acetosa and S. minor (Table 5 ), the two species that have demonstrated good potential for cultivation in a hydroponic system, an agronomic technique that ensures high yield and standardization in phytochemical profiles.
Germination Test
Usually, wild species collected in the wild are characterized by a reduced germination rate when compared to species that are commonly cultivated. In Table 4 we report the germination test of some potentially-interesting wild Mediterranean edible species, namely P. oleracea, R. acetosa, S. vulgaris, S. minor, T. officinale, and U. dioica. The germination rate was evaluated in Petri dishes in both dark and light (about 250-300 µmol quanta m −2 s −1 ) conditions at 27 • C and saturated relative humidity (25 seeds per Petri dishes; n = 3). The germination rate was calculated as the percentage of seeds germinated after ten days (Table 4) . Within ten days, mean germination time was calculated as the mean of the days necessary to obtain the maximum germination (Table 4 ). The germination rate was found to be highly variable under different conditions, for example, under light conditions germination was very low in U. dioica, medium in T. officinale and P. oleracea, and very high in S. vulgaris, R. acetosa, and S. minor (the latter was similar to that of commercial seeds of Eruca sativa (L.) Mill.). We did not observe differences between the germination rate under dark or light conditions (p > 0.05), except for P. oleracea and T. officinale, for which the rate was significantly reduced in dark conditions (Student's t test; p < 0.01). The mean germination time in light conditions was the lowest in P. oleracea, followed by R. acetosa, S. minor, and T. officinale, whilst U. dioica showed the highest. No remarkable differences were found among the species when the mean germination time of seeds grown under light was compared to that observed in dark conditions (p > 0.05). 
The Cultivation
In addition to the low germination rate observed for some wild species, another critical point to overcome for the first stages of "domestication" of wild species is the establishment of a proper cultivation method. In many cases, wild species typically inhabit limiting environments, and are often slow-growing with very low biomass yield. The selection of the most promising genotypes can overcome this problem if implemented in association with the best cultivation practice that maximizes the biomass yield. Therefore, we utilized the hydroponic cultivation system (the floating system, Figure 1) given that it delivers better plant yields than soil culture, with less water usage and higher fertilizer efficiency. Some other authors [3] have indeed utilized the hydroponic system for the cultivation of wild medicinal plants, not only to maximize the plant yield, but even to selectively stimulate the biosynthesis of targeted metabolites, and/or to standardize the biochemical profile of these species [82] . Another important aspect that can be overcome with the utilization of a hydroponic system is the reduction of toxic compounds [83] .
Taking into consideration the highest percentage of germination of R. acetosa and S. minor, these species were tested for their potential of cultivation in a floating system. Therefore, a pilot experiment was conducted in which these two species were grown under greenhouse conditions with natural light during the period April Preliminary results concerning the cultivation of R. acetosa and S. minor in the floating system showed a lower yield than that of some commercial species (Table 5) . However, with an appropriate manipulation of the nutrient solution, growing condition, and genotype selection, the challenge to increase the biomass yield of these species can realistically be addressed. However, in this study only very preliminary results are given, and to make a complete picture of the performance of these two species further investigations are needed. In addition, similar experiments need to be carried out with other wild edible species interesting as a source of healthy bioactive compounds, and the organoleptic characteristics of these species also need to be evaluated, as they are an important aspect for consumers. Table 5 . Biomass yield of hydroponically-cultivated Rumex acetosa and Sanguisorba minor, Valerianella locusta L. Laterr., and Eruca sativa. Data are the mean (± SD) of three independent replicates.
Plant Species
Biomass Yield (g Fresh Weight m −2 day −1 ) Rumex acetosa 29.5 ± 1.8
Sanguisorba minor
22.7 ± 1.3 Valerianella locusta [84] 38 ± 2.0 Eruca sativa [85] 67.5 ± 5.8
Perspective and Opportunities for Wild Edible Species Cultivation
Ethnobotanical surveys show that more than 7000 species of wild plants have been used for human food at some point throughout human history, and that edible species are a regular component of the diets of millions of people [86] . Recent studies also pointed out that many people worldwide still rely on local environmental resources, especially wild plants, for daily subsistence and healthcare [87] [88] [89] [90] . In different regions lacking basic infrastructure and market access, wild gathering provides considerable subsistence support to local diets [91] , and may also generate further benefits (e.g., selling surpluses) [92] . However, in some cases gathering from the wild, and family farming and/or smallholder agriculture, are not enough to meet nutritional needs in developing regions [93] , as was expressed in a report on the state of food insecurity in the world [94] , which states, "progress towards food security and nutrition targets requires that food is available, accessible and of sufficient quantity and quality to ensure good nutritional outcomes". Furthermore, in the near future, increasing human population, and continued globalization of trade and markets, along with ethnobotanical exploration, is expected to continue to increase awareness in the use of new plant materials. Therefore, the increase in demand for wild edible species will likely continue to threaten native species in some areas worldwide, as price differentials between wild and cultivated plants currently encourage unsustainable collection practices in some localities, especially in economically depressed regions that lack well-established rules for protecting wild plants [95] .
Combining traditional knowledge and expertise with more recent concepts (e.g., public policies addressed to increasing human rights to food, health, and welfare, in addition to supporting plant biodiversity) is necessary for the benefit of future generations. The possibility to cultivate these wild Preliminary results concerning the cultivation of R. acetosa and S. minor in the floating system showed a lower yield than that of some commercial species (Table 5) . However, with an appropriate manipulation of the nutrient solution, growing condition, and genotype selection, the challenge to increase the biomass yield of these species can realistically be addressed. However, in this study only very preliminary results are given, and to make a complete picture of the performance of these two species further investigations are needed. In addition, similar experiments need to be carried out with other wild edible species interesting as a source of healthy bioactive compounds, and the organoleptic characteristics of these species also need to be evaluated, as they are an important aspect for consumers. Table 5 .
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Perspective and Opportunities for Wild Edible Species Cultivation
Combining traditional knowledge and expertise with more recent concepts (e.g., public policies addressed to increasing human rights to food, health, and welfare, in addition to supporting plant biodiversity) is necessary for the benefit of future generations. The possibility to cultivate these wild edible species seems a promising approach to improve wild species yields and availability in a sustainable way, while protecting natural and crop biodiversity, as well as avoiding harmful anthropogenic contaminations of food, or the harvest of toxic species by inexperienced people. Research on the cultivation of wild species is in its infancy, and as also reported above, results indicate these species are still not competitive with more commercial species. However, there are significant possibilities to increase the yield of wild edible species has happened in the past for major crops, and this would encompass: (i) Selection of suitable species for their attitude to cultivation, (ii) breeding programs to selectively promote plant yield, and (iii) establishment of cultivation protocols to maximize plant performance. Of course, all these aspects should be considered in the context of local uses and economic possibilities; obviously the hydroponic technique represents just one of the possible cultivation techniques principally "affordable" in industrialized countries, whereas in other developing areas, other cultivation techniques have to be applied. In any case, cultivation will represent a step forward to: (i) Reduce the pressure of gathering in the wild, (ii) reduce the risk of food contamination, and (iii) diversify human diet and promote access to bioactive food. In this perspective, new ideas about food and health are welcome to respond to demand offood supply, quality, and safety.
Conclusions
Wild edible plants are widely present in the Mediterranean basin, and ethnobotany reports their cooking and medicinal use over a long time. Today, more than one billion people in the world utilize wild vegetables in their daily diet, especially in developing countries. Conversely, people of industrialized countries are "rediscovering" wild edible species for culinary use, as these wild vegetables add a variety of color, taste, and texture in their diet. It seems necessary to develop an efficient large-scale cultivation method for these species in order to standardize their yield and nutraceutical values. Nevertheless, in most cases, wild species can be toxic due to the high content of oxalic acid, nitrates, and sometimes, other toxic compounds [74] . Consequently, excessive consumption can cause some problems to human health, especially in infants [14] . Therefore, cultivation techniques can also be beneficial in controlling and limiting the accumulation of nitrates and oxalic acid. It is conceivable that with appropriate research addressed to improving these features, and with proper promotional marketing, these wild edible species may open up new commercial opportunities in the countries of the Mediterranean area. The nutritional and nutraceutical properties of these wild species make them especially charming considering the increasing attention amongst people towards the connection between food and health. In other words, some of these "neglected" species, sometimes considered as weeds in extensive major crop cultivation, may potentially become "new functional crops" in the not so distant future. 
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